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1 | Kinematics in one dimension and Preliminary Calculus (I): derivative
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Learning Objectives

Students will understand and apply fundamental physical principles—such as Newton’s
laws, conservation laws, and energy dynamics—to analyze real-world systems. They will
develop quantitative problem-solving skills, relate physical concepts to engineering
applications, and gain experience in connecting theoretical models with experimental
evidence, fostering critical thinking and scientific reasoning essential for their fields.

URNERSEE
Textbooks And
References

1.Sears and Zemansky’s University Physics, Young and Freedman, 13" edition, Pearson.
2.Physics for Scientists and Engineers, Giancoli 4* edition, Pearson.
3.Physics for Scientists and Engineers, Serway Jewett, 6 edition, Thomson

Fundamentals of Physics, Halliday, Resnick, and Walker, 5* edition, Wiley.
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Location: Physics Building, Room 107

5. “University Physics” ( Revised edition ) Harris Benson ( John Wiley & Sons Inc. )




and other key information. Attendance 1s mandatory.
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This session will address important topics such as how to succeed in the course, TA office hours,

Eagasgll

BEREABR
Weekly Scheduled Contents

Week 1 Kinematics in one dimension and Preliminary Calculus (I): derivative
. Reference frames and displacement
. Velocity and Acceleration
. Motion at constant acceleration
. Freely falling objects
. Calculus: derivatives
Binomial expansion
Differentiation from the first principle
Derivative: basic rules, the rational functions, the trigonometric functions, exponential function
The derivative of an inverse function
Differentiation of products
Chain rule
Implicit differentiation (optional)
Logarithmic (optional)
Leibniz theorem (optional)
Stationary points of a function (optional)
. Curvature of a function (optional)
6. Variable acceleration
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Week 2 Preliminary Calculus (II): integration, Kinematics in Two or Three Dimensions
1. Calculus: integration
a. Integration from the first principle
b. Integration as the inverse of differentiation
c. Integration by inspection
1. trigonometric functions
ii.  Logarithmic integration
iii.  partial fraction and change variables
iv.  Integration by part (optional)
v.  Reduction formulae (optional)
vi.  improper integrals/infinite integral (optional)
. integration in polar coordinate (optional)
e. Applications (optional)
.Mean value of a function
1.The length of a curve
it.Surface/volume of revolution
2. Vectors and scalars
3. Projectile motion: introduction
4. Example: throwing a stone up a hill
5. Projectile motion: stuff animal and a gun

Week 3 Relative motion and Newton’s Laws of motion
1. Relative motion: introduction

Example: law of addition of velocities

Example: relative motion

Newton’s laws

Free body diagram

Pulley problem: the constraint

GP 4-1: Pulley problem

GP4-2/GP4-3: Pulley is moving
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9. GP4-4: two pulley and two boxes
10. GP4-5: a box sliding down an incline

Week 4 Application of Newton’s laws (I): Friction, Circular motion (I)
Introduction: friction

GP 5-1: friction

A ramp, a pulley and two boxes
Example: incline motion with friction
GP5-3: incline motion with friction-1
GP5-4: incline motion with friction-2
Introduction: circular motion
Example: conical pendulum

9. Highway curves: banked/unbanked
10. GP5-6: highway curves with friction
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Week 5 Application of Newton’s laws (II): Circular motion (II) and Drag force,
1. Nonuniform circular motion
2. GP5-5: Vertical circular motion
3. Drag force
1. Basic concept
it.  The model
iii.  Critical velocity and terminal velocity
iv.  High speed and low speed limits
v.  Example: Air drag on a small rain drops

Week 6 Mass/Weight and Weightless and Newton’s law of universal gravitation and Satellite Motion

1. What is the weightless?
2. Newton’s law of universal gravitation
3. Satellite motion
4. Example: Geosynchronous satellite
5. Review of Mechanics (I)
6. Final Exam (in class)
Week 18
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